ABSTRACT.-Between one and five eggs from each of 37 clutches (n = 88) of the European Starling (Sturnus vulgaris) were analyzed to determine the relative amounts of shell, yolk and albumen, and the levels of water, lipid, and nonlipid dry matter in these components. On average, the yolk made up 17.7% of fresh egg mass. The albumen contained 89.8% water; yolks contained 55.7% water and 29.9% lipid. Amounts of ash and concentrations of cations in the yolk and albumen are reported. The mass of the shell varied in direct proportion to fresh egg mass, the amount of albumen varied in proportion to the 1.1 power of egg mass, and the yolk in proportion to the square root of egg mass. Unlike the eggs of precocial species, however, both the yolk and lipid content of the egg were poorly correlated with egg mass (R2 = 0.22 and 0.14, respectively). A principal components analysis revealed that 90% of the variation in egg size and composition could be related to three factors roughly corresponding to egg size (5 lo/o), percent yolk (27%) and ratio of lipid to nonlipid dry matter in the yolk (14%). As in other passerines, between 50 and 80% of variation in most egg characteristics occurred among clutches rather than within clutches; composition of the yolk was least related to clutch. With respect to position in the laying sequence, only the percentage of water in the egg showed a significant trend, decreasing slightly from first to last. Because egg size is a poor predictor of yolk size, it may not necessarily provide a useful index to egg quality or be correlated with nestling growth and survival. 
METHODS
I collected 88 fresh eggs (between 1 and 5 from each of 37 clutches) from nest boxes near Kennett Square, Pennsylvania (see Ricklefs and Peters 1979) , during late April and early May 1976. Sixty-eight of the eggs were from first clutches laid between 22 and 28 April; 20 were from replacement clutches laid between 3 and 12 May. Eggs collected during the two timeperiods differed slightly with respect to mass of the shell and the water an.d nonlipid dry components of the yolk; relative amounts of yolk and albumen and the fraction of water, lipid, and nonlipid dry material did not differ significantly between the samples (Ricklefs 1982) . Eggs were stored in airtight plastic containers in a refrigerator for up to 18 days before processing. Loss of weight during this period was approximately 7 mg.day-I, or O.l%.day-' (Ricklefs 1982) . Variation in the content of water in eggs due to preprocessing treatment was statistically insignificant (P > 0.05) compared to variation among eggs receiving equal treatment.
Fresh eggs were separated into shell, yolk, and albumen components. Inevitably, a small fraction of the albumen coated the yolk and inside surface of the shell. Components were dried to constant weight at 60°C. Lipids were extracted from the yolks using a 5:l mixture of petroleum ether and chloroform. In this discussion, water content equals wet mass minus dry mass; lipid content equals dry mass minus nonlipid dry mass. Shells of 10 eggs were combusted in a muffle furnace for 12 h at 500°C. Cornbusting shells at 550°C resulted in loss of acid-soluble ash residue. The ash was dissolved in weak hydrochloric acid and filtered to remove carbon residues, which amounted to between 0.6 and 1.7% of the total ash. Samples of the yolk and albumen were treated similarly; concentrations of several cations were determined by atomic absorption spectrophotometry (Limnology Dept., Academy of Natural Sciences of Philadelphia). All samples were weighed to the nearest 0.001 g on a Sartorius analytical balance. The lengths and breadths of eggs were measured to the nearest 0.05 mm using dial calipers. Analyses were performed with the General Linear Models (GLM) and MATRIX procedures of the Statistical Analysis System (SAS; Helwig and Council 1979).
RESULTS

EGG DIMENSIONS AND WEIGHT
Averages and measures of dispersion of the lengths, breadths, and masses of 88 eggs are presented in Table 1 Table 3 . 
RELATIONSHIP OF EGG COMPONENTS TO
PRINCIPAL COMPONENTS ANALYSIS OF EGG COMPOSITION
In order to determine relationships among the variables of egg composition, and to extract a set of new combinations of measurements to describe variation among starling eggs, I performed a principal components analysis (PCA). The PCA was based upon a covariance matrix calculated from the logarithms of the mass of each component of the egg: shell (dried), albumen water, albumen dry matter, yolk water, yolk lipid, and yolk nonlipid dry matter. Because the PCA was based on logarithms, the linear combinations of variables that define each eigenvector, or new axis, can be interpreted as products and ratios of variables. Three principal components explained over 90% of the variance in egg composition ( size, shape, and color compared to the population as a whole. Within-brood and betweenbrood variations in egg components were compared in a one-way analysis of variance (ANOVA) based on 78 eggs in 27 clutches for which two or more eggs were analyzed. The results of the ANOVA showed that most measurements of size and indices of egg composition were significantly more variable within the population as a whole than within clutches (Table 6 ). Variation between clutches accounted for between 50 and 80% of the total in most cases. The composition of the yolk was least associated with clutch, with only about 50% of the variation in the water and lipid fractions occurring between clutches. The non-lipid fraction of the whole yolk, and the lipid and nonlipid fractions of the dry matter of the yolk did not vary significantly between clutches, even though the lipid : nonlipid ratio of the yolk is a major component of variation among all eggs. Of the overall dimensions and mass of the egg, 7 1 to 72% of the variance occurred between clutches; of the yolk fraction of the whole egg, 72%; and of the water fraction of the albumen, despite its relative constancy both within and between species, 82%. Because the ANOVA presented in Table 6 is unbalanced owing to varying numbers of eggs per clutch (two to five), estimates of variance components may be difficult to interpret. But comparable results from a more balanced design involving four and five eggs per clutch are similar (Table 8 ) and reconfirm the conclusions concerning within-and between-clutch variation in egg components. Some of the variables included in the AN-OVA were highly correlated with the size of the egg (Table 4) albumen, and yolk fractions of the whole egg, water fraction of the whole egg, and lipid fraction of the dried contents of the whole egg. In every case, variation between clutches was significant, and adding mass as a covariate had little effect on the F-ratio. The ANOVAs summarized in Table 6 In the second ANCOVA, five variables that are correlated with egg mass (dry shell, albumen, yolk, and water fractions of the whole egg, and lipid fraction of the dried egg contents) were related to egg mass, clutch, and position (Table 7) In the third ANOVA, five variables that were not significantly correlated with egg mass were related to clutch and position (Table 8) Although most indices of egg composition also were unrelated to position, the water fraction of the egg decreased significantly, suggesting a change in the secretory function of the oviduct during the laying sequence. The water fraction of the albumen also varied significantly among clutches, and perhaps may provide a useful index to some aspect of the physiological state of the female. Data on the composition of starling eggs should give caution to the use of egg size or mass as a measure of egg "quality." Large eggs provide more albumen and more water, but egg size is a poor predictor of yolk size and provides even less information concerning the lipid content of the egg. Samples of one or two eggs from within a clutch can provide information on the size of the yolk of the remaining eggs but not of the lipid fraction of the dried yolk. As yet, no information is available concerning the relationship of egg composition to the size or nutritional and hormonal status of the female, or to the size and quality of the neonate and its subsequent development.
